Abstract -Nucleolar organizer regions were analyzed in four different species of Alouatta (Atelidae, Platyrrhini) using silver staining. They showed a high variability, appearing in different numbers and positions, with a singular variation not found in other primate genera so far. Hence, the number of NOR-sites varied from four to six, while the number of NORbearing chromosomes were two, four or six. The comparison of these data with previous ones suggests that A. fusca clamitans and A. caraya, with two small pairs of acrocentric chromosomes with a NOR-site in the proximal region of the long arm, have a conservative trend from a hypothetical ancestor, while A. behebul belzebul and A. seniculus macconelli have derived states. Moreover, it seems that the processes of rDNA amplification sites occurred independently at least four times during the irradiation of this genus. These processes could be due to transposition events or to the amplification of inactivated NORs containing a relatively small number of rDNA copies. Our results reinforce the chromosomal phylogeny proposed to this genus, corroborating the basal position of A. caraya, and the position of A. belzebul nigerrima, closer to A. seniculus group.
INTRODUCTION
In most eukaryotic organisms, tandem arrays of genes for ribosomal RNA (rRNA), termed nucleolar organizer regions (NORs), are found at one or a few chromosomal loci within the genome. NORs have been differentially studied with silver nitrate on the metaphase chromosomes (GOODPASTURE and BLOOM 1975) . In many species, NORs are located in the secondary constriction of their chromosomes. However, there are some species possessing various secondary constrictions without NORs, like the karyotype of mice (HENDERSON et al. 1974) .
Polymorphisms of size and number of NORs have been reported in the vast majority of vertebrates. In most of Mammalia species, NORs are found in autosomic chromosomes; however, there are some reported cases with the NORs found in sexual chromosomes in bats * Corresponding author: e-mail: ivesjs@bio.ufpr.br (Hsu et al. 1975 ), primates (NAGAMACHI 1995 , and in B chromosomes in rodentia (YONENAGA-YASSUDA ET AL. 1992).
In species of Alouatta (Platyrrhini, Atelidae), various chromosomes were shown to carry nucleolar organizer, in different positions. Hence, the number of NOR-bearing chromosomes has been reported as two (A. seniculus macconelli, A. behebul nigerrima), four (A. seniculus sara, A. caraya, A. fusca clamitans), six (A. belzebul belzebul, A. seniculus arctoidea, A. caraya), and eight (A. belzebul belzebul) , with one site in each chromosome, except for A. s. macconelli and A. belzebul nigerrima, with two sites in the same chromosome (MUDRY de PAR-GAMENT et al. 1984; ARMADA et al. 1987; SEUANEZ 1989, 1991; OLIVEIRA et al. 1998; MUDRY et al. 1994) . Moreover, it is important to consider that Alouatta represents an interesting case of chromosomal variation among the Neotropical primates, with different chromosomal systems of sex determination, B chromosomes and interespecific diploid number variation.
The aim of the present study was to analyze the different distributions of the nucleolar or-ganizer regions in the species of Alouatta, and associate their patterns of variation with the proposed radiation and phylogeny of the species.
MATERIALS AND METHODS
Blood samples were collected from 16 specimens, comprising four different species of Alouatta: A. fusca damitans (2n=45 in males and 46 in females), A. seniculus macconelli (2n=47-49, with a variation in the number of B chromosomes), A. belzebul belzebul (2n=49 in males and 50 in females) and A. caraya (2n=52). The metaphase plates were obtained through limphocyte cultures and the NOR-banding were performed using the method of HOW-ELL and BLACK (1980) . For identifying the chromosomes bearing positive NORs, G-banding were performed according to SEABRIGHT (1971) . Also, the results were compared to previous data of C-banding patterns of each species. The chromosomes were numbered according to OLIVEIRA (1996a,b) .
RESULTS
The chromosomal NOR data of four species of Alouatta examined are sumarized in Table 1 . Because silver staining is only a reflection of NOR activities, the maximum number of NORs found in each species was considered in the analysis.
In all the species, NORs were always located in secondary constrictions, visible even in conventional staining (Fig. 1) . Moreover, the segments possessing NORs were C-negative bands. There is a wide NOR variation both on the number and location in these species. Two species, A. caraya and A. fusca damitans, were found to possess two pairs of NOR-bearing chromosomes, both in the proximal region of the long arm of acrocentric chromosomes (Figs. 2 and  3) . A. seniculus macconelli had a very unusual location of NORs, with two distinct regions marked in the same arm of a metacentric chromosome pair (Fig. 4) . A. belzebul belzebul was found to possess six NOR-bearing chromosomes, two acrocentric and one submetacentric pairs (Fig.5) . These data corroborate previous reports.
DISCUSSION
As in other aspects of cytogenetics in Alouatta species, the nucleolar organizer regions show a high variability, appearing in different numbers and positions, with a singular variation not found in other primate genera so far.
A. caraya and A. fusca damitans showed similar patterns of number and distribution of NORs. The patterns observed in these species were also observed in three different species of Cebus: C. apella, C. albifrons and C. nigrivittatus (OLIVEIRA and LIMA 1993, 1997) . The G-banding patterns of Cebus apella, A. caraya and A. fusca damitans were also very similar, corresponding to possible homeologies (Fig. 6 ), sug-TABLE 1 -NOR data of Alouatta species examined in this study. The number of cells were given in absolute values. gesting a conservative evolutionary trend from a hypothetical ancestor that might point out its primitive condition among Alouatta species.
A. seniculus macconelli of our sample had also four NOR sites. However, the positions of these sites in this taxon were not the same found in A. caraya and A. fusca clamitans. Hence, in A. seniculus macconelli, NORs were located in two metacentric chromosomes, each one with two distinct sites. A. behebul belzebul had two extra sites of NORs in one acrocentric pair, while the other acrocentric pair and the short arm of the submetacentric pair had G-banding patterns similar to A. caraya and A. fusca clamitans, suggesting an amplification and a centric fusion. Hence, the comparison to the two previous species suggests that A. seniculus maconnelli still have the plesiomorphic number of NOR sites with apomorphic positions, while A. belzebul behebul has apomorphic number of sites and also apomorphic positions.
Different numbers of NORs were reported for some of the analyzed species. Hence, the presence of nuclei with six NOR-bearing chromosomes was reported in A. caraya (MuDRY et al. 1994 ) and in A. seniculus arctoidea (STANYON et al. 1995) . while eight chromosomes were found in a group of A. belzebul belzebul with a typical pelage by LIMA and SEUANEZ (1989) . Moreover, it is important to consider that MUDRY et al. (1994) described six NOR-bearing chromosomes, while SLAVUTSKY and MUDRY (1989) described four NOR sites.
Hence, in these taxa, we have intraspecific variation.
Assuming that the presence of four NOR sites in two acrocentric pairs of chromosomes represents the ancestral form in the genus Alouatta, this would mean that the process that resulted in one or two more rDNA sites occurred at least four times and independently: once in A. seniculus arctoidea, once in A. caraya and twice in A. belzebul behebul. These facts lead us to think that the third, and also the fourth pair may be originated from two different events: (1) the amplification of inactivated NORs containing a relatively small number of rDNA copies, not revealed by silver staining, and (2) transposition: the amplification of the previous four sites, with intragenomic movement of tandem repeats of rDNA to non-homologous chromosomes (MARTIN-DELEON 1980; DERJUSHEVA et al. 1998; BAKER et al. 1992) . VOLLETH (1987) also presents the hypothesis of mobility of rDNA (jumping NORs) between inherited predisposed chromosomal sites, as seen in Allium (SCHULBERT and WOBUS 1985) . The compari son of the G-band patterns of the NOR-bearing chromosomes in the specimens analyzed so far also reinforces the occurrence of independent events: there are always two chromosome segments with similar patterns, while the third is specific for each species.
In Fig. 7 , we present the possible sequence of events that probably took place in the evolu tion of NOR sites in Alouatta species, according to our hypothesis, considering the phylogeny proposed by OLIVEIRA (1996a,b) . However, it is not possible to decide which of the two hypothesis have taken place in this group; hence, we called them generically as «NOR addiction». It is important to notice that our NOR results reinforce some striking points of this phylogeny. Hence, A. caraya could be the most basal species of the group, while A. belzebul nigerrima would really be a taxon closer to A. seniculus group, and not to A. belzebul, as firstly proposed.
It would be interesting to have molecular analysis of NOR sites in Alouatta. This would confirm the process of addiction of NOR sites by transposition of NOR sequences, or, on the other hand, assuming the amplification of preexistent sites, not detectable by silver staining techniques.
